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HIGH-INTENSITY ELECTRON ACCELERATOR 
For New NBS SITE 


ik HE National Bureau of Standards will install 
at its new Gaithersburg (Md.) laboratory fa- 
cility an accelerator producing one of the world’s 
most intense high-energy electron beams. The 
electron accelerator is needed to enable the Bu- 
reau to keep pace with the new gong of tech 
nology that have been opened up by the avail 
ability of intense electron beams. Industry has 
already begun to use such beams to sterilize phar 
maceuticals and food, polymerize plastics, and 
vulcanize rubber. 

As part of the Bureau's responsibility for the 
National standards of physical measurement, it 
must provide the data, standards, and 
measurement techniques that are needed im this 
new branch of radiation physics. It has therefore 
designed an accelerator that could produce elec 
variable 


basie 


tron beams with energies continuously 
from 10 to more than 40 Mey 
greater than 40 kw. This power output is about 
LOO.000 times that now obtained in this energy 
range at the Bureau. The 
Intensity ys make it ~~ s for the Bureau to 
and atomic pliysies, and 


and power outputs 


resultant nerease Wn 


enter new areas in nuclea 
through ak studies to orden stand uals, Hiewas 
ring techniques, and shielding requirements for 
the high dose rates now being applied Hy iNCUSER 


ind the armed services, 
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The proposed accelerator. Is basically a 100-ft 
pipe through which electrons are accelerated on 
the crest of a traveling wave. The waveguide, 
which consists of nine 8.5-ft sections will 
plied with rf power at an L-band frequency of 
1300 Me. ‘The first three sections are to be pow 
ered by 10-mw-peak amplifiers, the last 6 by 5 
mw-peak amplifiers. Either klystrons or ampli 
trons may be used as power sources, but at present 
the umplitrons are bemg strongly considered he 

‘ause the *\ promise greater efficie hey, stability, 
nianepile ity, and economy. A final decision awaits 
further life anal performance testing of the 
wunplitrons. 

Because the aeceleration path Is a straieht line, 
called al linear elect ron ncecelerator, Ol 


be sup 


the device Is 
linae. Krom the linae, 
ejected ino a well-defined, 
The ejected beam can be controlled X 
fields and mace to interact directly with various 
eertain 


accelerated electrons are 
high intensity berm. 


manele 


materials: or the beam: can be directed 
turgets to generate other radiations, sueh as 
x rays, positrons 
be used for research purposes, 

The program the Bureau 


accelerator is essentially a continu 


and neutrons, which ean im turn 


plans to eurry ott 
with the new 
ation of present work h nuclear and atomic puvs 


> llowever. with the nerease In) electron 
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intensity, these activities can be greatly expanded ; 
experiments that previously were impracticable, 
or which required months of effort and exposure 
time, can be accomplished with the lac im a mat 
ter of hours. For example, it will probably be 
possible tO measure polarization effects in the nu 
clear photoetfect, thus providing extremely valua 
ble information on the nuclear wave function. 
Such investigations are almost impossible with 
conventional electron accelerators. 
Complementary to, and depending on, the basic 





Schematic drawing of the proposed high-energy, hig h- 
intensity electron linear accelerator. For most effective 
utilization of accelerator potentialities, design features 
have been incorporated which allow the output to be fed 
into any one of three rooms especially equipped and 
shielded for specific measurements. 


research program is the development of standards 
and measuring techniques for the strong radiation 
effects now receiving attention in industry. Tlie 
proposed accelerator, which provides 10-billion 
rads /hr, is capable of producing radiation damaze 
In many materials. This dose rate, added to those 
available from the existing cobalt, radium, X-ray, 
and electron beam sources at the Bureau, will 
make it possible to conduct investigations of dosi- 
metry problems in most of the important ranges 
that are now in use or which can be foreseen. 

The usefulness of the proposed accelerator also 
extends into many other fields. Within the Bu 
reau, it will serve as an experimental tool in 
research programs such as low-temperature cher 
istry, solid) state physics, metallurgical studies, 
activation analyses for trace elements, nucleat 
tlinement studies, and property determinations 
for irradiated materials, On a national scale, 
still other fields, such as reactor design, will un- 
doubtedly feel the influence of research with the 
new accelerator. 


* High-energy, high-intensity electron accelerator, 
VBS Tech. News Bul, 42, 249 (1958). 


Conterenee on Propagation of ELF 
Klectromagnetic Waves 


( VER ot) sclentists ana enomeers were invited 

from industry, Government, and universities 
meeting at the Bureau's Boulder (Colo. ) 
Laboratories on January 26, 1960, to exchange 


to a 


information and ideas on radiowave propagation 
at extremely low (ELF). Wide 
spread arisen in this frequency 
less than 3 ke and well below the frequen 
used in radio communication 


frequencies 
Interest has 
rahnve 
cles how because 
of its potential value for communications ona 
The observed characteristics 
of natural ELE fields and the theory of radiation 
and propagation of waves in the ELE range were 
cliscussed at the meeting, which was sponsored 
by the NBS Central Radio Propagation Labora 
tory (CRPL). 

At extremely low frequencies natural sources, 


worldwide scale. 


both terrestrial and extraterrestrial, radiate elec 


tromagnetic energy. hehtning 
discharges produce considerable energy in this 
range, and the radiated fields have been used for 
many years to study hehtninge phenomena at fre 


quencies as low as 10 cps. In this researel, KLE 


For example, 


- { 
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signals have been observed to propagate with 
very low attenuation. It is known that) sueh 
signals penetrate with relatively small loss into 
conducting media like rocks and soil. In fact. 
frequencies in this range have been used exten 
sively in geophysical exploration. 

Because ELF waves have certain maoneto-ionik 
characteristics, they nay penetrate the ionosphere 
and enable communication with space vehicles 
This penetration is theoretically feasible in the 
vicinity of 3 ke, where there is some evidence that 
au “window” inthe ionosphere hay eXIst. Anothet 
aspect of these waves is their extremely long wave 
leneth (3.000 kin at 100 cps), which would permit 
signals to be easily diffracted around planetary 
objects. The conference was scheduled in order 
that recent ELF data could be exchanged between 
those working in this field. 

First Session 
J. R. Wait of the Boulder 


erated the 


Laboratories mod 
An Introductory 
Pierce of AVCO 


mMornine session, 
paper Was presented her ake 
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Corporation on the nature of the waveforms of 

snals radiated from lightning discharges. Mr. 
lverce demonstrated that the “slow tail” portion 
of this Waveform assists in the calculation of elec- 
tron densities and collision frequencies for the 
ver edge of the lonosphe ric /-region. 

(Greorge Garland of the U niversity of Alberta. 
( nada, gave a comprehensive paper on the na- 
tive of fluctuations in the earth’s magnetic field, 

th particular attention to the magnetotelluric 
iiethod of investigating the earth’s crust. In this 
method variations in the tangential electric and 
miagnetic fields on the surface of the earth are 
oupared. The changes in the ratio of the fre- 
quency spectra of these fiel Is are related to the 
conductivity of the earth’s crust at de spths of sey- 
eral kilometers. 

The diurnal and seasonal variations . veomag 
netic fluetuations were reviewed by W. Campbell 
of the University of Alaska. He indicated that 
for frequencies above 2 cps the source of the fields 
is primarily lightning discharges, and below this 


frequency, solar effects. In a discussion of geo 
magnetic fluetuations, P. A. Goldberg of Rand 


Corp. and E. Maple of the Air Force Cambridge 
Research Center also held that magnetic energy 
in the audiofrequency range ina be attributed 
almost solely to lightning discharges. 

A. D. Watt and E. L. Maxwell of CRPL dis 
cussed the physical phenomena involved in cloud: 
to-ground lightning discharges as well as the re 
spective roles of the static, induction, and 
radiation fields. ‘They showed that the radiation 
field varies directly with frequeney below 6 ke. 
Any observed spectral characteristics which de 
part from this relation were — satisfactorily 
explained. 

ALG, Jean and W. L. Taylor, also of the CRPL 
statl, deseribed the Laboratory *s experimental fa 
cilities for measurine the waveforms of atmos 
pheries in the ELF rahge, With these facilities 
simultaneous recordings are made of the 
wtmospheric disturbances at widely 
stations, 

By, hx Tepley of the Institute of Geophysics. 
University of California at Los Angeles, 
cluded the first Session with a statistical re port on 
the characteristics of “atmosphere 
The report contained data on the 
ELE For example, 


same 
separated 


Con 


wave forms. 
attenuation 
rates at LOO 


rites of signals, 


eps are of the order of 1 db/1.000 km of path 
lenoth. 
Second Session 
In the afternoon S@SSION, moderated ly A. BD: 


\\ att of CRPI 
J. R.. Wait, 


4, the first paper was presented 


who had presided at the earlier ses 


lon, Dr. Wait ciiscussed the effeet of earth 
irvature and the earth’s magnetic field in a theo 


retical treatment of mode theory, with special ref 
ELF. He included an analysis of the 
the eleetrie and magnetic fields at 


erence 


behavior of 
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distances from the source that are comparable to 
the wavelength. 

R. A. Helliwell of Stanford University de- 
scribed certain peculiar qualities of whistler sono- 


grams. These qualities indicate that whistlers 
sometimes contain appreciable energy at ELF. 
W. L. Anderson of the University of New Mexico 


presented 2 theoretical discussion of the disper 
sion of electromagnetic pulses propagating in con- 
ducting media. Tle recommended an optimum 
pulse shape for signalling. 

The transmission between two insulated loop 
antennas immersed in a conducting half-space 
was evaluated by HL. A. Wheeler of Wheeler Lab 
oratories by means of the reciprocity theorem and 
the known solution of the receiving antenna prob- 
lem. LL. Rawls of the Developmental Engineer- 
ing Company described the engineering design of 
buried antennas. The advantages of the system 
loss concept were emphasized by K. A. Norton 
in a& presentation of radiation and propagation 
data by ELF. 

A theoretical treatment of the horizontal elee 
tric antenna immersed in a conducting half space 
was given by R. K. Moore and R. HT. Williams 
of the University of New Mexico. The problem 
they outlined is a generalization of the Sommer 
feld problem concerning a dipole on the surface 
of the half-space. 
of the antenna, 


They considered the impedance 
using an approximate method that 
is based on transmission line theory. 

A. finite evlindrical 
ae medium of infinite extent 
by C. HL. THarrison, Jr. of Sandia Corp. In the 
case of dissipative media, a modification of the 
Kine-Middleton method of iteration for antennas 
Inairisemploved. R.S. Macmillan of the U1 niver 
sity of Southern California told of the university's 
work in 


antenna immersed in au con 


Wilts described 


Investiout me antennas. In 
power line acts as a 


horizontal center-fed dipole. The 


power-line 
these antennas a section of 
clirection of 
maximum radiation is vertically upward, and the 
pattern thus obtained is well suited to ionospheric 
Investigations, 

In the final paper of the conference, G. V 
and BF. Frischknecht of the U.S. 


. Keller 


( reolog@ieal sur 


vey reported on electrical investigations of gla 
clers and ice sheets using audio frequencies. The 


energy Was coupled to the medium ly hoth elee 
With sueh techniques it was 


Atha 


trodes ana loops. 
possible to outline the cross sections of the 


baska glacier in Alberta, Canaca. 


The following designations were recommended at 


the CONPOCTOHEE for eartra low frequencies: Lf 
frequencu)—3 to JO ke; ELI 


Luteo 


creryu lou tertrenmely 


low frequenen) 00 cps 


Papers given at the conference will appear in 
Research NBS, Section DD (Radio 
Propagation) tn edited transcript of the oral dis 
cussions following the papers will also be ineluded 


carly issues of J 


















































COULOMETRIC analytical method and 
L coulometric-titration coulometer—each pro- 
viding a precision of 1 part in 100,000 for ana 
lvzing and ee chemical standards—have 
been de veloped | \ the Bureau. ne tools for 
electroanalysis were developed by Dr. J. KK. Tay- 
lorand S. W. Smith @ for use in establishing purity 
of chemical standards and reference materials. 

Coulometric analyses are simpler, quicker, and 
easier to perform than many of the corresponding 
eravimetric and volumetric determinations. Re- 
search in coulometric analysis to date has dealt 
mainly with the application of this technique to 
various analyses rather than with the evaluation 
of its accuracy. The Bureau's present work, how- 
ever, shows that In accuracy — precision, cou- 
lometric methods can equal « SUP pass the most 
careful determinations m: amet rv classical analyti 
cal methods. Titrations reliable to a few thou 
sandths of a percent for both strong and weak 
acids can be obtained. The method is equally 
well adaptable to titrating bases. 

Coulometric titration is based on the exact 
relationship between the amount of electricity 
used in an electrolysis and the amount of chemi 
cal reaction produced. Thus, according to Fara 
day’s laws of electrolysis, the number of chemical 
equivalent weights of a substance produced at an 
electrode is) proportional to the quantity of 
electricity passed through the solution. 

Because Faraday’s law is independent of tem- 
perature, solvent, and concentration of the elec 
trolyte, the equipment used can be standardized 
more accurately and conveniently by this method 
than by indirect analysis with reference solutions 
standardized by chemical techniques, Results are 
based on electrical standards and no assumptions 
are required as to the purity of primary chemical 
standards. Uncertainties in composition of 
standard solutions as well as volumetric errors 


Coulometric Titration 





Gives High Precision 


eliminated. Methods for the control of electric: | 
circuits are well developed so that coulometric 
titrations are especially suitable for automatic 
Operation. 

\ direct analogy can be made between classical 
analytical methods and coulometric analysis. In 
the conventional volumetric method, the unknown 
sumple is titrated by adding a chemical reagent; 
in electroanalysis, electrons act as the reagent. 
Because the electron is essentially a “universal 
agent” and because electrical quantities can be 
measured with high precision, a proposal has been 
made to the International Union of Pure and 
Applied Chemistry to accept the electron as a 
fundamental chemical standard.® 

Electroanalysis 

Coulometric-titration analysis may be classified 
either as constant-current or controlled- potential 
(variable-current) coulometry. In the constant- 
current method, an accurately measured current 
is maintained until the desired electrochemical 
reaction is completed. Then the time required to 
complete the reaction 1s multiplied by the value 
of the current and divided by the faraday con- 
stant. This resulting value is a measure of the 
amount of reactive material present. The elec 
trolysis must be discontinued at the exact end 
point of the reaction. (End-point determinations 
may be made by a number of techniques—poten- 
tiometric, amperometric, or thermometric—de- 
pending on the nature of the particular reaction. ) 

Controlled-potential, or variable-current, cou 
lometric titrations depend on maintaining the 
potential of the working electrode at a value that 
will selectively produce a desired: reaction. The 
electrolysis current accordingly decreases continu- 
ously as the reaction proceeds and it is essentially 
zero at completion, Although no end-point deter 
mination is required in this operation, the varying 
current must be integrated to find the average 
value before Faraday’s law can be used to deter 
mine the amount of reactive component. Materi- 
als available only in very small quantities may 
be used in this method because the integrator is 
capable of measuring small amounts of current. 


Constant-Current Coulometry 


Bureau scientists have improved the constant 
current method by designing a modified titration 
cell and a procedure for its se, The cell consists 
of two compartments—one containing a platinum 


Coulometric titration coulometer developed by the Bu- 
reau. With this apparatus and a coulometric analytical 
method, a precision of 1 part in 100,000 is achieved in 
analyzing and evaluating chemical standards and refer- 
ence materials. Dr. J. K. Taylor sets controls prior to 
analysis. 
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hode and the other a silver anode—separated by 
fritted glass disks. An alkali chloride solution is 
used as the electrolyte. For each faraday of elec- 
trivity passing through the cell, a hydrogen ion 
is reduced at the cathode and one equivalent of sil- 
ver chloride is formed at the anode. If a single 
compartment were used, a small amount of dis- 
solved silver chloride would be deposited on the 
cathode, causing inaccurate results. The fritted 
disks and an agar plug at the anode entrance iso 
late this electrode and also effectively prevent 
transfer of solution to or from the compartment. 

To begin an analysis, the material to be titrated 
(acidic or basic) is put into the cathode com- 
p utment after the specially designed cell has been 
cleaned. A current of 200 ma is passed through 
the cell and held constant until more than 99 per- 
cent of the acid (or base) has been neutralized. 
The pIL changes are indicated by a pit meter 
with olass and calomel electrodes. Finally, to 
reach the end point slowly, a small current. is 
passed through at convenient time intervals. 
This current corresponds to the addition of a 
dilute solution in conventional chemical analysis. 
The pil is recorded after each interval, until the 
end point of the titration is just passed, By plot- 
ting’ a differential titration curve, the exaet end 
point is located at the maximum of the curve. 

Because the accuracy of the results depends on 
exact measurements of current and time, these 
quantities must be carefully determined. Accord 
ingly, the current is measured as a voltage-drop 
across a standard resistor—and compared with 
saturated standard cells. Both the standard cell 
and the resistors are calibrated with reference to 
NBS standards, as is the erystal-controlled time 
interval meter. 

The reliability of the constant-current method 
of titration was checked using NBS. standard 
sumples certified for composition. Both the pre- 
cision and accuracy were found to equal or exceed 
those obtained when using conventional chemical 
tecliniques of the most refined type. While the 
constant-current methods as developed by the Bu 
reau have been largely used for acidimetric titra 
tions, the apparatus and technique are applicable 
to many other determinations. 


Controlled-Potential Coulometry 


Because of the selectivity of the controlled 
potential method, this technique can be emploved 
under conditions where the constant-current meth 
od suffers from interferences, such as simultaneous 
elect rolysis of several constituents. In controlled 
potential coulometry, the voltage is maintained at 
u specific value so that undesired side reactions 
are eliminated. In this Cuse, however, the eur 
rent decreases continuously and exponentially 
during the electrolysis. Thus it must be integrated 
during: the course of the electrolysis. To perform 
the Integration, the Bureau developed the coulo 
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The coulometric titration cell consists of two chambers— 
one (C) containing the cathode and the other (A) con- 
taining the anode—separated by sintered glass disks (1, 
2,3) and an agar plug. 


metrie-titration coulometer. This instrument 
Inakes possible much higher precision than the 
coulometers (1e.. Integrators), previously avail- 
able. Beeause hydrogen ions are involved, glass 
electrodes are used to detect the end point, This 
feature is advantageous because very stable glass 
electrodes of high refinement that need no further 
modification are commercially available. 

The improved coulometer is essentially an acid 
metric titration cell with an electrolyte of hydro 
quinone dissolved in potassium chloride solution. 
The current that is beine integrated oxidizes 
hydroquinone to quinone and simultaneously lib 
erates hvdrogen ions. When the controlled poten- 
tial reaction is complete, as indicated by a low 
value of the electrolysis current, the polarity of 
the cell is reversed. The constant-current meth 
oct is then used to restore the cell to its original 
composition, The product of the constant cur 
rent and the time to restore the cell is equivalent 
to the Integral of the eurrent during the original 
reaction. 

Because of the high precision and accuracy of 
this conlometric integrator, it should provide the 
basis for controlled-potential coulometric  titra- 
tion with high accuracy. The two methods to- 
eether should provide 1 technique applicable to 
a large variety of analytical situations. 


Precise coulometrice titration of acids and bases, 
hu J. WK. Taylor, S. W. Smith, J. Research NBS 68A, 
158 (1959). A ecoulometric-titration coulometer, by 
SN. W. Smith, Jo We Taulor, J. Research NBS 638C, 
Oo (7959) 

Present address, Deleo-Remu Division, General 
Votors Corp., Anderson, Ind 

Conlometrie und das conlombals universelle 
urtitesubstanz, P. S. Tutundsie. Anal. Chem. Acta 
18, 60 (1958) 








MINIATURIZED THICKNESS GAGES 


For Measuring Coatings in Small-Bore Tubes 


ACCURATE measurement of coating thickness 

inside small-diameter tubes is now possible 
by means of two miniaturized gages! designed 
by the Bureau for the Army. These gages, 
developed by V. A. Lamb and P. A. Krasley * of 
the electrodeposition laboratory, make use of the 
reflected field from eddy currents induced in the 
specimen. They are capable of measuring inter 
nal coatings In 0.350-in. and 0.50-in. tubing having 
leneths of several feet with a resolution of less 
than 0.1 in. The measurements are, of course, 
nondestructive and are localized to a small area. 

Although the gages were designed primarily 
for measuring chromium plating in the bores of 
small gun barrels, they can be adapted for deter 
mining the thickness of chromium or other coat 
Ings on the interior surface of any small tubing. 
Other uses may thus be found, as in tubing for 
various chemical process applications. 

As new guns are developed with increasingly 
higher rates of fire and muzzle velocity, satis 
factory performance and firing life require a coat 
ing such as chromium plate to protect the steel oun 
bore from the effects of high temperatures, mie 


chanical wear, and erosion by powder gases. Ade 
quate thickness of the coating, especially in tle 
vicinity of the origin of rifling, is one of the prine 
requirements in producing high-quality plated 
barrels. 

Up to the present time, the coating thickness 
had been determined and controlled in the pro 
duction of gun barrels by measuring the diamete 
of the bore before and after plating. However, 
if the plating anode is not concentric with the hore, 
the plate will be nonuniform. Variations in 
thickness are not revealed by measurement of the 
change in bore diameter. Therefore, it) became 
necessary to develop a method for measuring the 
local thickness of the plate in small gun bores. 
Available gages were either not readily adaptable 
for routine inspection or could not be satisfactorily 
miniaturized for measuring plate thickness 
small bores, 


Principle of Operation 


The Bureaus two thickness oages are based on 
wn eddy current type of gave 


the “Dermitron 





Diagram of thickness gage. Handle 
(right) and head (above) are shown 
as separate drawings because of 
scale requirements. Cam “C” is an 
extension of tube “B” in the handle. 
Depressing trigger “A” brings the 
probe unit “D” in contact with the 
interior surface of tube bore being 
measured. 
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developed in 1954. As in the “Dermitron.” a 100- 
ke oscillator supplies power to a bridge circuit. 


The probe coil, in parallel with a tuning ceapac- 
tance, forms one arm of the bridge. The alter- 
niiing current in this coil, which is placed In con- 
tact with the coating, induces an eddy current in 


the coating. This induced eddy current, which 
depends on the thickness of the coating, is meas- 
ured indirectly through the effect of its magnetic 
field, which opposes that of the inducing current. 
Pie opposition of the two fields lowers the imped- 
ance of the probe coil. 

fn practice, it Is not hecessary to determine the 
actual impedance of the probe coil. A microan- 
meter indicates the deeree of unbalance of the 
bridge which, with other factors Constant, depends 
on the thickness of the coating. The resulting 
readings are calibrated in terms of thickness with 
known thickness saniples, 


Mechanical Design 


These gages differ from the original “Dern 
tron” basically in size and in the mechanical ar- 
ringement used for mounting 2nd controlling the 
prob coil, 

Phe two gages themselves are simikur mecnani- 
eally. Llowever, the Support for the probe coll Is 
necessarily more highly miniaturized in the cal 
ber O.30-1n. than in the ealiber O.50-in. medel. 
Both consist basically of a pistol-grip handle cou 
nected toa tubular shaft. In operation, this shaft 
is Inserted into the tube bore to be measured. The 
probe coil is mounted within the shaft, near the 
end opposite the handle, with its axis perpendien 
lar to the shaft. A push-rod pisses through the 
shaft toa cam behind the probe coil. Depression 
of a trigger in the handle moves the tip of the 
probe coil into contact with the coating being 
inessured. The microamimeter which measures the 
change in current is connected to the probe 
through an electrical network. 

Design of a suitable probe coil having adequate 
electrical properties was a dificult part of the de 
velopment. Ay the lands (raised portions) in the 





Phickness gage consists of an electronic circuit (center) 
and a stainless steel tube with the probe unit at one end 
(left) and the pistol-grip handle at the other end (right). 
lhe reference samples used in determining the thickness 
are in foreground. Inset: magnified cutout view of typ- 
ical tubing with probe inserted. 
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gun barrels are only about 0.06 in. wide, the field 
from the coil must be limited to a diameter ap- 
proaching this value. In addition. to fit into the 
specific available space, the coil is restricted to a 
maximum diameter of 0.125 in. and toa length of 
0.15 to 0.20 In. 


Performance 


The gages are calibrated by plotting the micro- 
tunmeter readings in the bridge circuit as a fune 
tion of chromitn-coating thickness in standard 
specimens. “These reference samples consist: of 
3-in. lone seoments of oun barrel, plated in the 
bore with known deposits ranenge In thickness 


from O.OOL to O.0OS in. From the plot, the 
chromium thiekness in the barrel bore under test 
can be read directly. The overall accuracy of 


thickness determinations with these on 
found to be 10 percent, 

The maximum thickness range of the gages was 
not determined. Tlowever. the fact that the enali- 
bration curve is nearly linear up to a thickness of 
about O.0OS in. indicates that considerably higher 
thicknesses, probably up to O.015 or O02 in. ean 


res has been 


he measured, 


"Kor further information, sce Gages for mensur 
ing the thickness of chromium on the internal sur 
face of small-bore tubes, by | 1. Lamb, and PLA 
Krasley, Plating AZ, 176 ©1960) 


Present address of P 1. Nrasleus: Kleetrolutia 
Nection, Bureau of Engraving and Printing, Wash 
ington 25, Def 

An electronic thickness gage. bu A. Brenner and 
JI. Garcia-Rirera, Plating 40, 1288 (1952) Further 
gage: circuitry, 
operating characteristics and calibration, by FL? 
Brodell, and A. Brenner, Plating 44, 1297 ©1957) 


studies of an electronic thickness 


1960 Conference on Standards 
and Electronic Measurements to | 
Meet in Boulder 


r Hk Boulder (Colorado) Laboratories of the Na 

tional Bureau of Standards will be host to the 
1960 Conference on Standards and Electronic Meas 
urements——June 22 to 24. 

The conference is sponsored by the National 
Burean of Standards, the Institute of Radio Een 
gineers, and the American Institute of Electrical 
Engineers. Topics to be discussed include recent de 
velopments in the precision measurement of electri 
cal quantities (e.g., voltage, power, attenuation, and 
impedance) from direct current through microwave 
frequencies, measurements of the electrical proper 
ties of materials, and improvements in measuring 
radio frequency and time. 

One half-day will be devoted to an analysis of fu 
ture problems in the field of electrical standards and 
electronic measurements. 
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Transferring Liquefied Gases by Pipeline 


| LQUEFIED GASES, such as hydrogen, oxy 
4 ven, nitrogen, and helium, are widely used as 
refrigerants in basic research in chemistry, phys 
ics, and engineering. More recently these liquids 
have also come to play an essential part in the 
propellant systems of rockets, missiles, and 
satellites. In general, the low-temperature liquids 
are transported from the liquefier to the exper! 
mental setup in insulated, Dewar-type containers. 

The current imterest: in liquefied oases, both im 
private industry and throughout Government, 
has led the Bureau to take a second look at ac 
cepted methods for long-distance transportation 
of these fluids. The results of a recent theoretical 
study indicate that the pipeline method, now 
emploved only in relatively short-distance trans 
fers, can be extended to appreciable distances 
provided there is an awareness of the performance 
lunitations introduced — by 
down characteristics. 


undesirable — cool 
The design of such a sys 
tem, Which im many cases could undoubted, 
Increase elliciency, safety, and economy, is rela 
tively straightforward. The study, conducted Iy 
R. B. Jacobs of the Cryogenic Enemeerine Lab 
oratory, located at Boulder, Colo.. not only pro 
vides the theory for designing long-distance pipe 
line systems for low-temperature operation but 
also gives information required for numerical 
computation.' 

There are two Categories of problems el 
countered in dealing with liquefied gas transfers : 
those that are predominantly of an unsteady 
nature and that occur prior to the transfer system's 
cooled-down condition: and those that can be con 
sidered as steady state and are applicable only 
after the system has been cooled to operating 
conditions. Only the latter are considered here. 

The study has a twofold purpose : first to dis 
cover What equipment and techniques are required 
for the Jone-distance transfer of the liquids and 
whether these are available, and second to de 
termine what losses will occur during these lone 
distance transfers and whether they are tolerable. 

The primary component in the transfer’s physi 
cal system is a length of insulated pipe the 
transfer Ime. The state of the fluid. is specified 
wt both the inlet and outlet of this line. Either 
pumping systems or a process plant, such as a 
liquetier, can supply the energy required to force 
the fluid through the line. Pumping stations 
distributed along this transfer line may be more 
desirable than supplying all the necessary energy 
at the inlet. In this case, the system consists of 
wseries of pipes with the fluid state specified at the 
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inlet and outlet of each pipe. Since it is wastefial 
to carry unavailable energy (as sensible heat ) 
through the system, intermediate stations along 
the line cool the liquid by one, or beth, of two 
methods: refrigeration or flashing. If the liquid 
is flashed to atmospheric pressure, its Vapor Is 
dlisearded or piped back toa liquetfier and the le- 
maining liquid, which is at its normal boiling 
point, is pumped through the next section of pipe. 

The Bureaws conclusions are derived from a 
mathematical model based on the laws of con 
servation of energy, momentum, and mass. “These 
laws were used along with verified assumptions 
and empirical data to yield a complete, unique 
model consisting of 12 equations which describe 
the flow characteristics of a transfer line. This 
How model permits the design of a transfer system 
by relating all the pertinent design parameters: 
flow rate. line leneth, line diameter, pumping 
pressure, heat leak. and fluid properties. 

Since the technical design of a system leaves 
economle and feasibility quest lons unanswered, 
the Bureau undertook further studies based upon 
the loss of liquefied gas in the system. There are 
four ways in which losses occur: Loss at the pump 
due to energy dissipation in the pump container 
and cooling prior to line entry: flashing loss 
caused by heat leak and energy introduced by the 
preceding plump: cool-down loss which OCCULS 
when the system is cooled from ambient to operat 
ing temperature: and trapped-liquid) loss from 
liquid that cannot be removed at the end of the 
transfer. The Bureau formulated relations from 
which each Joss can be computed and expressed 
them in-oa form which facilitates the required 
computations, 

In using the mathematical formulations to de 
sign at particular system, empirical information 
must also be emploved correctly. Equations for 
heat leak and fluid drag have therefore been 
included. 

The Bureau is now in the process of experi 
mentally verifying its theoretical conclusions on 


long-distance transfer systems. In addition, the 


operating data on some large systems currently 


being built will be used in an effort to put the 


present results on a firmer basis. 


Single-phase transfer of liquefied gases, VBS 
Cire, 596 (December 1, 1958). trailahle from ihe 
Superintende nt oT Documents, (LN. Government 
Printing Office, Washington 25, Dw. Price 30 
cents; Cryogenic piping systems design considera 
tions, by R. BL Jacobs, Heating. Piping, and Aib 
Conditioning 32, 129 (1960), 
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MEASURING WATER RESISTANCE OF LEATHER 


1 Hk Bureau, in its studies of the properties of 
materials, has been investigating the water 
penetration of leather, as well as the effects of 
thickness, location on the leather bend, and com- 
pression on water resistance.’ To obtain signifi- 
cant data on these variables, an apparatus has 
heen designed to flex a specimen with one side 
exposed to water until penetration occurs, Ex- 
perimental data obtained with this machine should 
wid in the development of improved impregnants 
for waterproofing sole leather. 

Because of its flexural properties, durability, 
and ability to transmit water vapor, leather, is 
a highly desirable material for footwear. How- 
ever, its porosity makes it susceptible to liquid 
water penetration, and to improve it in this re- 
spect, leather is treated with various substances. 
Previous attempts to evaluate the effectiveness of 
these treatments by static methods have been un- 
successful because sole leather in use is subjected 
to a flexing action that influences penetration. 
Ilence, a dynamic test method was devised by T. J. 
(Carter to simulate the actual wear conditions that 
leather undergoes in service. 

In this method, a 3- by 6-in. leather specimen, 
held horizontally between two vertical plungers 
by movable jaws, is flexed through a 90° angle of 
hend as the jaws move first toward and then away 
from each other, As the specimen bends down- 
ward, it forces the lower plunger into a water 
tube to produce a spray on the under side of the 
specimen. The jaw assemblies, mounted on a rigid 
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Cross-sectional view of machine designed to measure the 
water resistance of leather. A; and A.—jaw assemblies; 
B—support and tracks; C—end panels; D—motor 
couplings; F and G—set screw and spacer bar; H—com- 
pression spring; J; and J.—unflexed and flexed spec- 
imen; K—lower plunger; L—upper plunger; M—water 
container. 
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Logarithm of the number of flexes required for water 
penetration, plotted against specimen thickness. Straight 
line indicates the trend of the data. 


base, are operated through couplings by a ratio 
Steel tracks in 
the top section of the apparatus support and guide 
the jaws. 


motor geared to 30 ceyeles/ min. 


As the specimen returns to its original position, 
the lower plunger rotates to give a gently abrasive 
effect. 
to the crease in the bent specimen, rocks back and 
forth against the upper side of the specimen dur 
ing the bending cycle, 
the upper plunger, which also serves as an electric 


The upper plunger, curved to conform 


As soon as water contacts 


terminal, an electronic dey ice connected to the ap 
paratus detects penet ration, the end point of the 
test. 

The machine has heen used to study both com 
mercial specimens and specimens prepared in the 
Bureau laboratory. The tests showed that chrome 
retanned and vegetable-tanned crust leathers have 
lower resistance to water penetration than vege 
table-tanned finished leather: however, when vege 
table-tanned crust is impregnated with certain 
polymers, the number of flexes required for pene 
tration is Increased from: 300 to 4000. The » 
ber of flexes required for penetration was found to 
be related to specimen thickness. Location on the 
leather bend affects water pentration, with the 
butt area most resistant. 
leather 
rates of both water penetration and absorption. 


Compression of the im 


pregnated before testing decreases the 


For further teehnical details, sce Water pene 
tration testing machine for sole leather, by 7. -/ 


Carter JALCA 55, 139 (1960). 


$l 





CHANGE IN LENGTH, pin./in./yr 


GROWTH 


SHRINKAGE 

























































Above: Nitriding 410 
stainless steel gage 
blocks. T. P. Roys- 
ton hardens gage 
blocks by exposing 
them between 40 and 
14 hr to a dissociated 
ammonia atmosphere 
maintained between 
1,010° and 1,030° F. 
Left: Neutral salt 
baths employed to 
harden 52,100 steel 
gage blocks. M. R. 
Meyerson removes 
the blocks from a 
chloride bath where 
they were immersed 
at 1.550° F for 15 
min. 











Grace Chaconas se- 
lects a pair of gage 
blocks from the ro- 
tating disk in the 
foreground and posi- 
tions them in a me- 
chanical comparator. 
Such comparisons, 
carried out in accord- 
ance with a specially 
designed = statistical 
procedure, — provide 
data on the stability 
of gage blocks. The 
glass shield in front 
of the operator and 
the heavy glove pre- 
vent body heat from 
affecting the opera- 
tion. 





For Preeisipasur: 


N A LONG-RANGE research program aimed 

at an accuracy of L part in 10 million in gave 
block calibrations, the Bureau has recently mace 
significant advances with the development of 
highly stable blocks and ultraprecise measuremetit 
techniques.’ Three types of gage blocks, produced 
by M. R. Meyerson of the metallurgy laboratories, 
show dimensional stability considerably greater 
than the best commercial blocks. ‘To obtain pre 
cise data on the small dimensional changes occur 
ring inthe blocks, special measurement technique: 
were devised by metrologists T. R. Young and 
W. KR. Ney. 

Giage blocks, carefully made of steel to exact 
dimensions, are used to monitor manufacturing 
processes in the mass production of interchange 
able machined parts. As reference standards for 
such high-precision manufacturing operations as 
the making of machine tools, ball bearings, and 
missile control mechanisms, gage blocks must be 
capable of providing measurements precise to 
Within 1 part in 100,000, and, with the advent of 
the space age, to 1 part ina million. Therefore, 
as the length of a block must be known even more 
accurately than the measurement referred to it, 
gage blocks certified to 1 or 2 parts in 10 million 
must soon be available on a regular basis. 


Left: Bar chart comparing the stabilities of : commercial 
AA grade steel gage blocks (A); NBS-developed nitrided 
410 stainless blocks, with nongaging faces left unground 
after nitriding (B); NBS-developed hardened and stabil- 
ized 52100 blocks (C); and NBS-developed annealed 52100 
blocks, coated with tungsten carbide (D). The figures 
are averages of measurements on all blocks of each of 
these types. 


To meet these ever-increasing demands for pre 
cision, the Bureau is focusing attention on the 
characteristics of the gage blocks themselves as 
well as on the equipment and methods for measur 
ing them. Beeause of the industrial importance 
of this work, a group of private firms is helping 
to support the metallurgical research underlying 
the fabrication of precision gage blocks and the 
developmental metrology basic to achieving cali 
brations of the required accuracy. 


Gage Block Metallurgy 


A special effort is being made to develop gage 
blocks that will retain their calibrated lengths to 
high accuracy over a considerable period, with 
much less shrinkage or growth than is normally 


expected of precision gage blocks. At the same 
time, other requirements for gage blocks cannot 
be neglected, These include an appropriate co 


oflicient of thermal expansion, a high degree of 
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surface finish, flatness of surface, parallelism oj 
opposite gaging faces, and resistance to wear, de- 
formation, and atmospheric and fingerprint 
corrosion, 

Dimensional instability in steel blocks is thought 
to result from structural changes in the hardened 
unstable structure formed during heat treatment 
and the subsequent redistribution and relaxation 
of fabrication stresses. Therefore, a properly 
fabricated block of fully annealed steel of low 
alloy content, at or near its equilibrium condition, 
should be free from subsequent structural changes. 
However, such a block is too soft to use as a gage 
block because an adequate surface finish cannot be 
applied, wear is high, and the surface is easily de- 
formed. An alternate upproach is to lower re 
sidual stresses in hardened steels by stress reliev- 
Ine in the \ icinity of 1.000 KF. but this process also 
nitkes most. hardened steels too soft. 

To produce a hard, wear-resisting surface on 
the annealed material the Bureau nitrided sey 
eral steels, chromium: plated some, coated others 
with either tungsten carbide or aluminum oxide, 
and sprayed still others with nickel-chromium 
horon alloy. In attempts to improve the hardened 
steels, the Bureau tried to eliminate as many of 
the unstable constituents as possible, and to reduce 
fabrication stresses. Some blocks were case 
hardened on the surface through the processes of 
carbonitriding, carburizing, and eyanide harden- 
Ine. 

Sullicient data have been obtained on blocks of 
110 stainless steel and 52100 modified steel to im 
dicate that such methods can result in greatly 
improved stability. Annealed 410 stainless steel 
blocks with nitrided surfaces have been produced 
which exhibit a growth of only 00000002 In. in. 
vr during the first vear of observation, and 52100 
steel gage blocks, given special stabilizing and 
stress relieving treatments, display a shrinkage of 
O.QQQ00004 In. /in. VI. At present, 16 materials are 
under investigation and have been given a total of 
2 different treatments. 


Gage Block Measurements 


In evaluating the stability of gage blocks, the 
Bureau employs two types of measurements: 
“static” comparisons which are carried out inter 
ferometrically and “Uvnamie” comparisons which 


ibove: Interferometer employed in testing the parallel- 
ism of gage block surfaces. Two fringe patterns, seen 
in the instrument’s eyepiece, are parallel if the two sur- 
faces of the block positioned inside the housing are 
parallel. Right: J. Nelson positions a 2-in. gage block in 
an interferometer for flatness testing. 


Vay 1960 


Above: Group of 
gage blocks investi- 
gated for stability. 
In front is one of 
the most promising 
blocks, made by the 
Bureau of nitrided 
410 stainless steel. 
Other blocks (left to 
right) are: a com- 
mercially manufac- 
tured experimental 
solid aluminum oxide 
block; a nitrided 410 
stainless steel block 
with nongaging faces 
left unground after 
nitriding; a  mar- 
tempered, stabilized 
52100 block with a 
hardness of 65 R.; 
and a martempered 
stablized 52100 block 
with a hardness of 60 
R. Right: R. Ki. 
Kirby uses an inter- 
ferometer to deter- 
mine the thermal 
expansion of a gage 


block. 
















































Right: In early meas- = 20 





urements of gage block 
stability, a wide spread 
in residuals, indicating 
a lack of precision, was 
obtained (left). With 
the refinement of the 
measuring technique, 
the residual errors were 
reduced to form a 
nearly Gaussian distri- 
bution, indicating a 
theoretical precision of 
+0.24 uin. for each in- 
tercomparison result 
(right). 


So small a detail as the way in which gage blocks are 
held has a significant effect on the results of intercom- 
parison tests. In the left illustration an assymetrical 
thermal effect is caused by one block being nearer the 
palm than the other. Photograph at right shows how a 
pair of blocks should be held to meet the requirement of 
like handling. 


rely on a mechanical-electronic technique. By 
exploiting the features of both comparison pro 
cedures, it is possible to detect the occurrence of 
very small dimensional changes and still conduet 
the large number of weekly measurements which 
are necessary, 

Until recently very precise length measure 
ments were generally accomplished interfero 
metrically. For such measurements, a Bureau 
designed comparator is available which is capable 
of meeting the most rigorous of present accuracy 
requirements. In this device a test block is com 
pared with an absolutely measured standard 
length a steel | gage block of established st: ability 
with the same cross-sectional dimensions and 
nominal length (2 in.) asthe test block. 

However, because comparisons of this type re 
quire that the two blocks be at thermal equilib 
rium, each test takes at least 4 hr. As more than 
D0 measurements must be made each week, a more 
rapid technique that would allow measurements 
to be made immediately after handling was 
needed. Such a comparison, usually carried out 
With a mechanical comparator, is called “dynamic” 
because both blocks are actually changing in 
length during the measurement as a result of 
changing thermal conditions. An accurate 
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dynamic comparison can be made bet ween bloc! 
that respond similarly to thermal conditions if 
these conditions are the same for both blocks in: 
mediately prior to and during the measurement 

The mechanical comparator employed in the 


s 


dynamic length comparisons utilizes electro 
mechanical transducers to indicate the position of 
two reed-mounted styluses. Gage blocks are su 
cessively positioned between the measuring sh 
luses in comparing their lengths. 

Before either of these precision techniques is 
applied, the gage blocks are screened for flatness 
of surface and parallelism * of gaging faces. On! 
those that meet certain rigid specifications are 
eligible for stability testing. 

Preliminary measurements of linear thermal 
expansion are also made. For the dynamic com 
parisons, test specimens can then he divided | 
thermal properties into groups so that identically 
handled blocks will have identical responses. This 
approach has proved very successful in nullifying 
the effects of dynamie changes on the overall 
comparison, 

One block in each group is selected as a second 
ary master, and, after being compared with the 
primary master interferometrically, is compared 
with blocks in its own group by the mechanical 
technique. ‘To meet the requirements of like 
handling of all test specimens, the secondary 
Inaster is treated as one of the test specimens. Ail 
the possible comparisons—v(#— 1) comparisons 
on n(n—1)/2 pairs where » is the number of 
blocks ina group—form one intercomparison test. 

The measurement data are then reduced by least 
squares to provide a caleulated value for each 
comparison. The residual, or the difference be 
tween the caleulated and observed values, is used 
to determine the probable precision of results by 
plotting the magnitude of each residual against 
the number of times it occurred. These frequency 
distributions served as a powerful tool in develop 
ing a satisfactory measuring technique, precise to 
2107 in. 

For example, residual frequency distributions 
have been very effective in preser ibing a handling 
procedure for a two-block test set. Obviously a 
operator can handle blocks manually with greatet 
ease and assurance than with tongs or other tools 
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‘ich introduce the danger of dropping. Using 
sulating gloves, the operator would therefore 
pick up two blocks simultaneously by their non- 
eiging ends and position them in the comparator 
in What was considered symmetrical handling. 
[lowever, it was soon revealed that the manner in 
which the blocks were held had a significant ef- 
fect on the symmetry of the residual frequency 
distributions. It was concluded that handling 
is producing ah unsymmetrical thermal etfect 
the blocks were held perpendicularly so that one 
Was nearer the operator's palm than the other. 
\fter the procedure Was changed so that blocks 
were picked up in tandem with their nongaging 
ends facing the palm. the statistical distributions 

showed the expected sVinmetry, 


Promising Results 


Of the 16 materials under study at the Bureau, 
only blocks of 2 materials, 410 stainless steel and 
y2100 modified steel, have been observed for i 
vear. The most stable blocks were made from the 
annealed 410 stainless steel, nitrided to a depth of 
0.009 In. ground to within 0.003 in. of finished 
length, stress rehleved for 3 hr at 975 Fina 
cracked) ammonia atmosphere, and then finished 





by lapping the gaging surfaces, leaving a case of 
about 0.005 in. The nitrided nongagine surfaces 
when left intact had a frosty gray appearance. 
Similar stability. was indicated by blocks whose 
frosty laver was removed by further grinding. 
The best through-hardened S2100) steel one 
blocks were not quite as stable as the two nitrided 
L10 stainless types, but most of the instability oc 
cured during the first 6 months of observation. 
The 52100) steel blocks were heat treated by 
austenitizing at 15007 F for 50 min and quench 
ing in an accelerated quenching oil: and stabilized 
by refrigerating at 140° F for 18 to 24 hr, 
tempering at 250° F for Ll hr, refrigerating a see 


\. G. Strang remeasures the length of a standard gage 
block with an interferometer in terms of the wavelength 
of light. This measurement serves as a check on the 
block’s dimensional stability. All measurements on gage 
blocks at the Bureau are related back to a series of these 
absolute length determinations made since January 1954. 
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TIME ELAPSED SINCE FINAL HEAT TREATMENT, Months 
Stabilities of a nitrided 410 stainless steel gage block 
(A); a hardened and stabilized 52100 steel gage block 
(B); and an annealed, tungsten carbide coated 52100 steel 
gage block (C), as measured by special metrology 
techniques. 


ond time at 140° F for 18 to 24 hr, and temper 
ing’ at 250° F for 9 hr. The blocks were ground 
and then stress relieved at 240°F for 3 hr before 
ut final lapping. ‘This treatment reduces the wn- 
stable austenite content to less than 2 percent and 
produces a block ot satisfactory hardness. 

A fourth bloek which shows promise, but which 
has been under study for less than a year, is of 
52100 annealed steel coated on the gaging surfaces 
to a depth of 0.004 in. with tungsten earbide. 
After surface grinding and lapping, a coating of 
about 0.0025 in. remained, providing a hard fae- 
ine. A 3-hr stress relieving treatment in cracked 
umimonia at 975° F was applied before lapping. 
An extrapolation of available data indicates that 
the overall erowth of such a block is O.QOO00007 in. 
in. yr, but a substantial improvement in stabil- 
ity during recent months suggests that a much 
higher stability may be achieved. 

Several commercial hardened steel gage blocks 
of the highest quality (AA grade) were pur- 
chased from different manufacturers and observed 
for stability in the same manner as the Bureau 
developed blocks. All of these blocks become 
shorter, shrinking by an amount ranging from 
O.0000007 In./in. yr to O0,0000019) In. /in. vr—an 
average shrinkage of O.QOOOOT TL. 


‘Gage blocks of superior stability: initial devel 
opments in materials and measurements, by VM. R 
Vuerson, T. R. Young, and W. R. Nev, NBS J. Re 
search 64C No. 3, July—Se ptember issue, 

Industrial firms who are actively participating 
in the program are: Brown & Sharpe Mfq. Co.; 
Dearborn Gage Co.: DoAll Co.: BE. 1. due Pont de 
Vemours & Co., Ine.:; Fonda Gage Co.; General 
Rlectrie Co.; Greenfield Tap & Die Corp.; Hughes 
tireraft Co.: International Business Machines 
Corp.; Link Aviation, Ine.; New Departure Div. of 
General Motors Corp.; Pratt & Whitney Co., Ine.; 
The Sheffield Corp.; Taft-Peiree Mfg. Co.: The 
Timken Roller Bearing Co.: and The Van Nheuren 
Co 

Gage block comparator, VBS Tech. News Bul 
10, 176 (1956). 

‘Interferometer for measuring gage-block par 
allelism, NBS Teeh. News Bul, 42, 30 (1958). 
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Conference on Foundations of Mechanics and Thermodynamics 


NAN ATTEMPT to correlate the foundations 

of continuum mechanics with those of statistical 
mechanics, the Bureau sponsored a Conference 
on the Foundations of Mechanics and Thermods 
namics from October 21 to 23 in Washington, D.C 
About 75 scientists part icipated In the conference, 
Which was designed to explore and Appraise 
various pliysical principles from both points of 
view, 

At present there are two unrelated approaches 
to the problems Involved in the physics of ‘enl 
materials. One. based pon molecular concepts, 
Is the statistical mechanics of irreversible proc 
Scientists in this field attempt to use the 
general — of statistical mechanics supple 
mented | \ the kinetic theory of tr: Msport proc 
esses andl by phenomenological methods. = In 
recent years they have emphasized the study of 
the connection between the reversible nature of 
Microscopic mechanics and the irreversibility. of 
processes in real macroscopic bodies. ; 

The other approach is that of rational me 
chanics. Here theories are concerned — with 
mathematical models of materials defined pre 
cisely in terms of properties of invariance. 
Large deformations, arbitrary states of 
and nonlinear response are enphasized. 

Both fields have advanced greatly in the past 
few years, but their basic principles have not con 
verged at any point. In general, the methods of 
rational mechanics have been most successful in 
deseribing mechanical and electromagnetic phe 
nomena, While irreversible thermodynamics has 
been concerned with phenomena related to varia 
tions of temperature and entropy. It is believed 
that Integrating the theories and methods in these 
two approaches would help consolidate the major 
part of classical physics. 

The formal part of the program consisted of 
five half-day sessions on: The Mechanics of Con 
tinuous Media: The Statistical Mechanic 
of Irreversible Processes: The 
of Deformable Media: The 
Approach to Trreversible Thermodynamics: and 
World) Invariant Electrodynamics. One pre 
pared speaker was scheduled for each session but 
most of the time was devoted to informal remarks 
Clifford Trues 
Indiana U 


eSSeS 


motion, 


‘al Theory 
Thermodynamics 
Phenomenological 


and discussions from the floor. 
dell, a 
sity, 


Bureau consultant from niver 


served as moderator. 


Continuum Mechanies 


After C. M. 
Heat 


Ilerzfeld. Chief 
welcomed the 


the Bureau's 


Walter Noll. 


Division. group, 
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Carnegie Institute of Technology, opened the fi 
session by formulating continutum mechanics i 
mathematically rigorous way. The value of th 
approach is that it emphasizes the assumptions of 
the theories and their relationships to the conch 
sions. The method was first Hlustrated by dk 
riving Cauchy's laws of equilibrium in continuiun 
mechanies. It was then applied toa study of the 
form of the constitutive equations of a material 
such as the caloric equation of state or the stres 
strain laws. This introduced the so-called prince 
ple of material objectivity, which states that mia 
terial properties of a body are independent of | 
orientation in space. Finally ideal materials were 
classified in terms of associated 
An isotropic material is characterized by cor 
stitutive equations unchanged by rotation: 
simple fluid, by constitutive equations unchanged 
by the complete unimodular group of transfornia 
Hous. 


isotropy groups. 


The relationship bet ween statistical-mechanical 
theory and rational continuum theory of matte 
Was stressed by John Brown University. 
Statistical mechanics may be used to derive or dis 
cover the phenomenological equations which de 
fine a particular rational theory, to develop the 
phenomenological coefficients from molecular data, 
and finally to determine the limits of validity of 
either the phenomenological coefficients or of the 
molecular expression for the phenomenologica! 
cooflicients. For example, it was pointed out that 
the phenomenological constants “a and "47 in 
Van der Waal’s equation of state, (pra/se-) 
(rb) = RT, have a particular meaning only in 
terms of molecular statistical mechanics, A sta 
tistical-mechanical derivation of the Boltzmann 
equation served a nonequilibrium example, 


Ross, 


Thermostaties 


Ciibbs ¢ meept of stable equilibrium nan iso 
lated system owas mathematically detined by 
Bernard D, Coleman, Mellon Institute, 
plored thermostaties. Tf a) flutd body 
caloric equation of state, an internal energy den 
sity can be defined for each element of the fluid in 
terms of the spec ific volume and entropy. A state 
of the bods is defined as a partic ular ASSIOMIMe { 
of configuration of the elements and an 
density for each element. Global 
when every other 


as he ex 
obey: al 


CHELONA 
sti ability of a 


state occurs stute with the same 


total volume ana enerey has a orenter total 

tropy. Thus fora state to have global stability it 
is hecessaVs that derivatives of internal-eneres 
density. with respect te entropy density and 


specific volume, be constant. Finally, 


a condition 
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~ ficient for the uniform state to be globally stable principle of material objectivity is required. The 





that a certain convex inequality in the internal- conservation laws of physics can be expressed in- 
energy density be obtained. This approach was dependently of the geometric structure of the 
| generalized to include nonfluid: bodies for which space-time manifold assumed and thus, independ 
the internal energy density is an isotropic fune- ently of the concept of observer. In this theory, 
tion of deformation er adients. Local stability of ap yplicable to polarizable and magnetizable media. 
first aw state was then defined i In terms of munIMIZINe il the postulates and equations are separated into two 
1 {| antity similar to the Helmholtz free energy. classes: conservation laws independent of the 
th Tiiermal equilibrium seems to associnte im aon geometry of space-time and constitutive relations 
sof tural way with this concept of local stability. depending on or employ Ing a specihe geometri 
eh Phe equilibrium autocorrelation function is im structure. The conservation laws assume only an 
cl portant for the computation ot transport co affine space time, Le. an operator called au shifter 
nu eflicients of irreversible phenomena.  Elhott W. is assumed to exist, permitting a comparison for 
thi Montroll. University of Marvland. discussed the parallelism of vectors separated in space-time. 
u fact that the autocorrelation of a molecule’s mo- Constitutive relations involve assumptions on 
co * mentum ina perfectly harmonic erystal—shown the — geometrie structure of space-time. 
i to be an almost -periodic function for a finite In this theory, the a of relativistic 
+7 erystal—becomes aperiodic in the Emit of infinite CONTINUE ec hanics were avoided by using the 
“er number of particles. It was suggested that in this classical concept of absolute time and allow ing the 
ip transition from a repetitive to an aperiodic fune- equations to be influenced by an “aether wind. 
‘O} tion is rooted the irreversibility. of reversible A general equation of entropy production, con 
. 4 dynamic systems. ; sistent with the principles ot mechanies anil 
ced , electromagnetism, resulted. Innumerable special 
Viet Electrodvnamies theories can be based on this equation along with 
; constitutive equations for the various dependent 
lea! Combinine continuum mechanics with the fields, such as heat flux. magnetic flux density and 
tel electromagnetic theory, Richard A. Toupin, Naval stress in terms of the independent fields of the 
ity. Research Laboratory, spoke on electrodynamics. theory. A] special case mentioned as an ex: uiple 
lis Because the concept of “observer” associated with Was aorational and unified theory contaiming 
cle the electromagnetic theory is different from that piezoelectricity, photoelectricity. and the faraday 
og of classical mechanics, a generalization of the effect. 
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* Design of Corner Reflector Antennas 
2) e e 
oa DESIGN analysis of corner-reflector anten- vide comprehensive and detailed information on 
si has has been carried out by the Bureau's designing high-peformance, economical corner 
Boulder (Colo.) Laboratories under the sponsor- reflectors 
ship of the egg Air Force. The results of this A corner-reflector antenna consists simply of 
evaluation ! H. V. Cottony and A.C. Wilson two plane reflecting surfaces joined edge to edge 
of the Centr: al Radio P ropagation Laboratory pro to form a corner, which is usually parallel to the 
; eround. Tt he adr ivene le teht Is Pp |; ae ed | Ih pach ape r 
by ture between the two planes, This type of antenna 
ie he WIDTH — W Pa has the advantages of high gain, broad frequency 
; pore - — response, narrow beam width, low back radiation, 
ves anak low cost. and ease of construction. 
H Oa Karly experimental work Wn jonospherte scatter 
ite be propagation stimulated interest in corner reflectors 
' f ‘tg because they are particularly suitable for this 
a ‘ema. pe pe mode of communication. Even though these an 
- FRom Ape DIPOLE » VEN ELEmeny tennas had been used prior to the hew exper 
ass ‘, mental seatter cireuits, them performance was 
. : known only qualitatively. Therefore as part of 
. a its propagation research program, the Bureau un 
eS dertook an seat teins of corner deflectors to 
=, determine how gain varies with changes in width 
1c = ‘ ——— and leneth of reflecting surfaces, angle of aperture, 
yn Diagram of corner-reflector antenna. anc posit ion of driven element, 
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Experimental corner-reflector antenna analyzed by the 
Bureau. Length and width of reflecting surfaces, posi- 
tion of dipole, and aperture can all be varied to deter- 
mine effect on gain. This assembly is located at the 
Table Mesa field station, near the Boulder (Colo.) 
Laboratories. 


Experimental Equipment 


Thee xperiment: al corner-reflector ee usec 
for this Investigation consisted of 2 lattice type 
wooden frames, ench 12.3 ft (5 coniauiie aut 
100 Me) wide hy 12.3) «ft lone, supporting the 
reflecting surfaces. The reflectors were of over 
lap ping strips of sheet aluminum fastened to the 
frames so that removal of one strip would sub 
tract OY waveleneth from the surface. Width 
could be varied by trimming the lengths of the 
strips. The two frames were pivoted along the 
same axis, and the angle of aperture could be 
varied form 20° to 1S0 

The driven element was a folded half-wave di 
pole. Its position could be varied from 0.07 te 
2.5 wavelengths from the ApeNX of the — 
surfaces, The dipole’s support also served as a 
balun to transform the impedance of the system 
to about 50 ohm, Fine adjustment, for an exact 
match to a 50-ohm line, was provided by a two 
stub tuning unit. Gain was measured at 400 Me 
by comparing the system with a known antenna. 

Although in practice collinear arrays of four 
and more dipoles are used in scatter antennas to 
obtain eas ot over ZU ab. the eeneral perform 
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ance can be predicted from an experimental s 
tem using only a single dipole. Therefore, on 
the single dipole was used for the measurement 


Gain Measurements 


Results of the measurements indicate that mi 
mum reflector width is 0.5 wavelength for the 
smallest usable value of gain. With an increa-e 
in width up to 2 wavelengths, gain neha 
Ilowever, beyond this, there is little or no increa 
in gain, and under some circumstances it may 
actually dlecrease, 

For maximum gain, the dipole must be in one 
of several discreet positions referred to as first, 
second, third, ete., in order of distance from the 
apex. The exact location of each position is a 
function of the aperture angle. 

When the dipole is in the first position, Own 
increases monotonically as reflecting surface 
leneth increases. When the dipole is In the second 
or third positions, the same relation holds true 
generally, except for surface lengths less than 1.5 
wavelengths, For these shorter lengths, the rela 
tion is not only too irregular for simple analysis 
but also does not provide the antenna designer 
with any useful data. 

Maximum gain along the forward axis seems 
to be achieved with the clipole in the second pos! 
tion. In this case, the reflecting surface should 
be more than two wavelengths long and approxi 
mately two wavelengths wide. 


Radiation Pattern 


lonospheric seatter antennas designed for the 
lowest portion of the VITF band should have espe 
clally low secondary lobes and minimal radiation 
to the rear, as radiation in these undesired direc 
rections is likely to result in self-interference from 
multipath propagation. An important advantage 
of the corner reflector over other types of antennas 
is that it can be designed to have extremely low 
back radiation. 
results from diffraction around the edges and 
from penetration through small openings in the 
reflector surfaces. 

Radiation patterns have been compiled for a 
variety of sizes of corner reflectors.!’ This material 
has been further summarized graphically so that 
beam widths and back radiation levels for any 
combination of surface leneths and widths are 
easily determined, 


For further technical information, see Gains of 
finite-size corner-reflector antennas, by IT, V. Cot 
tony and A, C. Wilson, IRE Trans, Ant. & Prop 
AP-6, Vo. 4, October 1958.) Radiation pattern of 
tinite-size corner-reflector antennas, by A.C. Wilson 
and H. V. Cottony, IRE Trans. Ant. & Prop. AP-S, 
Vo. 2, Mareh 1960, 

* Techniques for accurate measurement of an 
tenna gain. by H. V. Cottony, NBS Cire. No. 5us. 
trailable from the Superintendent of Documents. 
TLS. Government Printing Office, Washington 25. 
Doc. Priee 15 cents, 
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Continuous-production vacuum furnace designed by the 
Bureau. Vertical tube in center is the furnace itself; 
items to be heated are inserted in top of furnace and 
withdrawn at the bottom. Surrounding the furnace is 
the control and vacuum equipment. (Photo courtesy 
Kinney Mfg. Co.) 


\ CONTINUOUS-production vacuum fur- 
“AX nace! for evacuating and sealing ceramic 
wafer electron tubes? has been designed by the 
National Bureau of Standards for the Navy 
Bureau of Aeronautics as part of the Navy’s in- 
dustrial preparedness program. Mechanical de- 
velopment and construction of the furnace were 
wndertaken on contract by Sanders Associates, 
Ine., Nashua, NL. 

With this system, the tube assembly is intro- 
duced into a vacuum and heated to a high tem- 
perature. The combination of heat and vacuum 
degasses the tube, and the high-temperature 
brazes together the metallized surfaces of the 
ceramic wafers to make a hermetically sealed unit. 

The machine was conceived and designed by 
(. P. Marsden of the electron devices laboratory 
In connection with a study of industrial processes 
suitable for fabricating electronic components. 
Phe automatic production methods for ceramic 
wafer tubes required processing the assemblies 
into completely sealed and ready-to-use units by 
evacuating, degassing, and sealing in a single con- 
tinuous operation. The vacuum furnace per- 
forms these operations with control of only 
felniperature, degree of vacuum, and time of proc- 
essing. The high temperature eliminates the 
eed for getters, thus simplifying tube design. 
Phe furnace has been used to produce up to 200 
tbe assemblies an hour. 

Essentially, the vacuum furnace is a vertical 
tube, about 11 ft lone. of heat-resisting alloy, sur- 
rounded by a heating unit, and open to the atmos- 
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CONTINUOUS- 


PRODUCTION 


“"ACUUM FURNACE 


phere al both ends. Through this tube passes a 
series of hollow cylindrical specimen carriers, each 
separated by wu short piston fitting closely inside 
the tube. These parts are introduced into the top 
of the tube at atmospheric pressure; once inside, 
they ure evacuated through ports alone the side 
of the tube and through holes in the carriers, 
The pistons and carriers pass through the tube 
under gravity feed. In the prototype model, the 
sliding fit of the pistons maintains the vacuum at 
10° mm He. and the central portion of the tube 
ean be heated to 10007 C. After processing, the 
parts are removed from the lower end of the 
tube at atmospheric pressure and at reduced 
tehiperature. 

With the carrier loading and unloading equip 
ment the machine requires about 15 ft vertically. 
A 15-ft square of floor area is adequate for the 
vacuum pumps, controls, and other associated 
equipment, 

The central 7-ft portion of the tube is sur- 
rounded by the electric heating element. This 
element is simply resistance Wire supported in the 
inner side of a grooved ceramic cylinder. Five 
heat-reflecting shields surround the heating unit; 
the inner two are of molybdenum, the outer three 
of stainless steel. 

The carriers, 2 In. in diameter and about 4 in. 
long, are of alloy steel and fit closely inside the 
tube. They contain a number of 14-in. holes to 
permit escape of gas. The outside bearing sur- 
faces of the pistons are flame coated with tungsten 
carbide to prevent the bare metal surfaces from 





Specimen carriers with sample ceramic assembly to be 
evacuated and sealed. Holes in carriers permit air to be 
withdrawn inside furnace. Outside bearing surfaces are 
flame coated with tungsten carbide to prevent carrier 
from seizing inside furnace tube. (Photo courtesy Sand- 
ers Associates, Inc.) 


89 





| 









brazing together in the intense heat of the fur- 
nace section. This coating is extremely hard: 
after the machine had been used continuously for 
6 months, the coated surfaces showed negligible 
signs of wear. 

Several vacuum punips are employed to reduce 
the air pressure hear the ends of the tube aud to 
maintain a high degree of vacuum in the central 
heating section, Relatively little air leaks into 
the system past the carriers and pistons: the air 
removed from the central section is mostly that 
desorbed from the surfaces of the parts entering 
the system. 

A similar machine could well be devised for 


continuously processing devices other than ceran 

radio tubes. The coating of lenses or resistors |.) 
vapor plating, and the production of vacuum 

densers and switches are possible application s. 
Where the processed article must come out of tie 
vacuum near room temperature, the lower end of 
the furnace could be lengthened and water cooled. 


Patent No, 2.894.795, Automatic evacuation sys 
tem for vacuum tubes, awarded to C. Po. Marsden 
(14 July 59). 

*Ceramie wafer tubes for modular units, by ¢ 
P. Marsden, Electronics, 32, No. 39 (Sept. 25, 1959) 

* Project Tinkertoy, NBS Tech. News Bul. 37, 11 
(Nov. 1958), 


Nitriding Phenomena in Titanium and a Titanium 


Alloy 


ITRIDING gives a desirable high hardness to 

the surface of commercially pure titanium 
but has an adverse effect on the Ti-6A1-4V alloy, 
according to a National Bureau of Standards 
study for the Navy Bureau of Weapons.’ These 
findings were made by J. R. Cuthill and W. D. 
Haves, assisted by R. E. Seebold of the Naval Re 
search Laboratory. Asa result of the study, fuel 
control valves for the jet engines of carrier-based 
aircraft have been experimentally produced from 
unalloved titanium and nitrided. These nitrided 
titanium parts have displayed good performance 
characteristics In this application, 

Proposed increases in temperature and pres 
sure to Improve aircraft engine performance will 
place imereased demands on the durability. of 
metals that are to be used for certain engine com 
ponents. Such materials must resist galling and 
wear between surfaces ino sliding contact, must 
have good resistance to Impact and to salt water 
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corrosion, be light in weight, and exhibit) good 
machinability,  Beeause the nitriding process 
often increases the surface hardness of metals, the 
current study was undertaken. Titanium inher- 
ently has excellent salt water corrosion resistance, 
and also a strong affinity for nitrogen, so it was a 
logical choice for a starting material. The alloy 
containing 6-percent aluminum and = 4-percent 
vanadium had recently come into widespread use ; 
also, previous investigators had reported vana 
dium to be the only alloying element other than 
boron that increased the diffusion rate of nitrogen 
through titanium. This alloy was therefore of 
particular interest. 
Over 300 specimens, 


€ 


96 by 21% in. cut from 
W.000 in. thiek sheets. were used in the experi 
ments. They were nitrided in purified nitrogen 
at 1S800° F for 4, 16, 24, 48, 96, or 168 hr, to ob 
tain data on the relation between case thickness 
and duration of the treatment. AO nickel-base 


Left: W. D. Hayes ad- 
justs a microhardness 
indenter attachment 
and a projection micro- 
scope used to measure 
the hardness of nitrided 
specimens. Right: Mi- 
crostructure and Vick- 
ers microhardness in- 
dentation (50-g¢ load), 
with corresponding 
Vickers hardness num- 
bers, across the case 
and core of a nitrided 
titanium specimen. 
Hardness ranges from 
Rockwell C77 at the sur- 
face to Rockwell C12 in 
the matrix. 
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oy tube with water-cooled ends was employed 

a nitriding chamber. Each specimen, indi- 

lually drawn into the hot zone by magnetic 
aifraction acting on an attached iron bob, was held 
at the nitriding temperature for its prescribed 
time, and then drawn into the cool zone by the 
Sule process. 

\fter the nitrided specimens had cooled to room 
cmperature, they were analyzed metallographi 
¢ aie The analysis showed that the unalloyed 
metal forms a uniformly thick, hard case with a 
sharp line of demarcation between case and core. 
The nitride surface layer that forms on the Ti 
6\14+V alloy is thinner than that which forms 
on the unalloyed titanium, and, in addition, elon 
erated nitride grains form in the alloy and pene 
trate as far as the center of the core at a 45° angele 
with the surface. The impact strength of tita- 
nium, as determined by transverse Impact tests on 
unnotched specimens, was found not to be im- 
paired as a result of the nitriding. However, 
after being subjected to the same treatment, the 
alloy exhibits a serious reduction in its impaet 
The elongated nitrided grains in the 
alloy apparently act as stress raisers to reduce 
impact strength. 

Subsequent examination of the alloy with an 
electron-probe microanalyzer indicated that the 
vanadium content in the elongated grains was 
only one-half of that in the surrounding matrix. 
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Also, traverses across the boundaries of the elon 
gated nitride grains indicated no vanadium com 
position gradient in the matrix in the vicinity of 
the boundary, but rather, an abrupt change in 
vanadium from the level in the nitride grain to 
the level in the matrix. Thermodynamic data ob 
tained from the experiments showed that the 
aluminum content plays il prominent role in the 
formation of the erains, and confirmed the elee 
tron probe results in regard to vanadium. 

The uniformly thick, nitrided case on the un 
alloyed titanium was found to consist of a sur 
face film 0.0005 in. thick, covering a principal 
laver of 0.004 in., on specimens treated for 48 hr. 
The total case thickness increased with increase in 
nitriding time, following a parabolie law, and 
reached a thickness in excess of O.0OS in. in 168 
hr. This behavior ts contrary to that prey iously 
observed hy other Investigators, who found that 
titanium, nitrided in ammonia, attains a maxt- 
mum case of approximately 0.004 in., and that 
further treatment reduces case thickness. 


‘For further technical details, see Nitriding phe 
nomena in titanium and the GALA4V titaninm alloy, 
bu JOR. Cuthill, W. oD. Hayes, and RoE. Sechold, J 
Research NBS 64A, 119 (1960). 

“Surface hardening of titanium with metalloid 
elements, bu Rh. OW. Hanzel and V. Pulsifer, Armour 
Research Foundation Report to Watertown Ar 
senal, June 1 1952, to May fl, 1958. 

Nitriding of titanium with ammonia, by J. ZL. 
Wyatt and N. J. Grant, ASM Trans. 16, 540 (1954) 
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W. B. Harding, and R. J. Jansen, Electronics 32, No. 51, 
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